Based on recent discussions on the so-called unconventional supersymmetry, we propose a 5D Chern-Simons AdS-N -SUGRA formulation without gravitino fields and show that a residual local SUSY is preserved. We explore the properties of CS theories to find a solution to the field equations in a 5D manifold. With a Randall-Sundrum-type ansatz, we show that this particular dimensional reduction is compatible with SUSY, and some classes of 4D solutions are then analyzed.
I. INTRODUCTION
An alternative method to build up a theory with SUSY is by implementing a gauge theory for a super-algebra that includes an internal gauge group, G, along with a local SO(1, D − 1) algebra that has to be set up to connect these two symmetries through fermionic supercharges [1] [2] [3] . In these references, the field multiplet is composed by a (non-)Abelian field, A, a spin-1/2 Dirac fermion, ψ, the spin connection, ω ab , the d-bien, e a , and additional gauge fields which complete the degrees of freedom to accomplish the supersymmetrization. These additional fields are dependent on the structure of the group and the space-time which we intend to work in. The representations of the fields are not all the same. The Dirac spinor transforms under the fundamental representation, while the gauge connection belongs to its adjoint representation of G. In this framework, the metric is completely invariant under the symmetries G, SO(1, D − 1) and supersymmetry.
Due to the properties above, the model displays important differences in comparison with standard SUSYs. For example, there is no superpartners with degenerate masses, nor an equal number of degrees of freedom of bosons and fermions. There is not even a spin-3/2 fermion, i.e., a gravitino, in the spectrum of the model [1] [2] [3] .
It is remarkable that, in odd dimensions, the ChernSimons (CS) form is quasi-invariant under the whole supergroup. On other hand, for even dimensions, the symmetry breaks into G × SO(1, D − 1). For example, for D = 4, the super-group can have no invariant traces, and this is the reason why supersymmetry breaks down. The action in four dimensions must be seen as an effective description, due to, for instance, a quartic fermionic coupling that shows up and prevents the model from being renormalizable [1] [2] [3] .
The paradigm that the procedure still keeps from standard SUSY is that fermion and bosons can be combined into a unique non-trivial representation of a su- * ymuller@cbpf.br † helayel@cbpf.br pergroup. The differences appear already in the scenario where the SUSY works. In this proposal, SUSY is an extension of the symmetries of the tangent space. Since Dirac fermions are in the [(
2 )]-representation of Lorentz group, SUSY is implemented as an extension of the tangent space symmetries. This approach allows us to implement SUSY in any manifold,by looking for the symmetries of the tangent bundle. Another difference is found in the field representations [1] .
A Chern-Simons AdS 5 supergravity is a gauge model based on a SUSY extension of the AdS 5 gravity. Based on the no-gravitini approach [1] and on the structure of SO(4, 2) group, we work with a field that is a 1-form gauge connection [4] :
where the hat stands for 5-dimensional forms;Γ = e a γ a , with a, 0, ..., 4; k = 1, ..., N 2 − 1 and r = 1, ..., N . This 1-form has values in the SU (2, 2|N ) super-algebra, whose bosonic sector is given by SU (2, 2)⊗SU (N )⊗U (1), where SU (2, 2) ≃ SO(4, 2) [4] .
The infinitesimal gauge transformation is given by
In components, we have:
whereˆ ∇χ r =dχ r +[i( 
II. SUSY TRANSFORMATION
In the work of Ref. [2] , to ensure that no gravitini appear in the spectrum in 3D action, the authors show that the dreibein remains invariant under gauge and supersymmetry transformations, but rotates as a vector under the Lorentz subgroup. To do this, we must look for the SUSY transformations. In the fermionic part, we have δ(Γψ r ) =ˆ ∇χ r , where χ is the local SUSY parameter. Any vector with spinor index can be split into irreducible representations: 1 ⊗ 1/2 = 3/2 ⊕ 1/2 of the Lorentz group. So, for ξ 
Applying the P 3/2 -projector to the equation above, we find that
which implies that∇χ r =ê a γ a ρ r , for an arbitrary spinor ρ. This condition guarantees that the symmetry transformations close off-shell without the need of introducing auxiliary fields [2] . Applying P 1/2 -projector to the equation (4) we obtain that, under SUSY, δψ r = ρ r and δê a = 0. The spinor ρ r obeys the Killing equation; the number of Killing spinors defines the number of unbroken supersymmetries, i.e., supersymmetries respected by the background [2] . For instance, if ρ r = 0, we have χ r = constant (covariantly constant), and we obtain a global SUSY. For a general solution, a Hamiltonian analysis must be carried out to extract the exact solution for the SUSY parameter [3] .
III. 5D TOPOLOGICAL ACTION
The topological action can be written as a ChernSimons action in 5 dimensions [4] :
where ... stands for the supertrace. The only nonvanishing supertraces are:
Using these definitions, we can find the components of the action
where:
Here,
(∇τ
and
It should be noticed that, sinceR s r ⊃ΓΓδ s r , the fermionic part of S f generates a Dirac-like action for the fermions (S f ⊃ d 5 xψ r / Dψ r ). Notice that the bosonic part is almost the same in comparison with the usual 5D AdS-SUGRA action [4] . The important difference lies in the fermionic sector.
A. Gauge transformation and the field equations
The CS 5D action transforms under a gauge transformation as δS 5D = F F δA . We can see that due to this identity, one can readily find the field equations in terms of component fields, and they are given by:
It can be checked that F = 0 is a solution to the field equation. Let us analyze this solution. In components, we have:
It is useful to pay attention to some special structures. For instance, if we take the 3-formŜ =ê aT a , we have thatŜ = −ψ rΓΓΓ ψ r = i⋆db, where ⋆ represents the Hodge dual in the 5D Manifold. However, by using the Cartan identities, we haved(ê aT a ) =T aT a −ê aêbR ab . By virtue of this identity, we find the equation that follows:
On the other hand, by defining the co-derivativê d † = ⋆d⋆, we may introduce a Laplacian operator,✷ = d †d +dd † , and, using a gauge conditiond †b = 0, we have ✷b = ⋆(T aT a −ê aêbR ab ). Therefore, theb-field has a dynamics which respects the equation above. In this sense, we can interpret the topological sector as the source of the U (1) field,b. Going further, if the fünfbein is invertible, we can define the following operation on some n-form, (Ê a ⌋V a ) =Ê 
We here omit the fermionic structure of the torsion for simplicity. This shows us that the torsion is the only source for theb-field and it is a propagating excitation in five-dimensional space-time.
IV. DIMENSIONAL REDUCTION
We have that the index a = 0, ..., 4 = I, 4; where the index I refers to the SO(1, 3) Minkowski group. So, the fields can be split into two pieces [9, 10] .
Besides that, we are also interested in considering the action in a 4-dimensional version; so, we must split the coordinates as x α = (x µ , χ) and the 1-forms can be written as follows below:
Since the 5 D gamma-matrices can be split as γ a = (γ I , γ 5 ), we then have:
As we can see, the equation F = 0 satisfies the field equations for the topological action. Therefore, we can analyze this solution in terms of the reduced components (see VI).
NOTE -Chamseddine Gauge-Fixing: In the dimensional reduction of the 5D Chamsedinne action to a 4D action for gravity [9] , it can be shown that we can fix e 4 = e 
V. RANDALL-SUNDRUM DIMENSIONAL REDUCTION
A Randall-Sundrum-like ansatz is proposed with the assumption that the geometry of 5D space-time has the following structure [11] [12] [13] :
We can translate (27) in terms of the following fünfbein:
where σ is called conformal function. A special choice and application of this ansatz in standard AdS SUGRA can be viewed in the paper by Garavuso and Toppan [14] . The 4D metric can be written as g µν (x) = η IJ h I µ h J ν . This ansatz fixes e 4 = e I χ = 0. This can, in principle, be a problem. But, due to the no-gravitini condition, this choice is viable. Going further, the inverse of the fünfbein is given by:
where we assume that h I µ has an inverse, i.e., h . We shall use this operation from now on, and the 4D character is implicit in the forms without "ˆ". Now, we can look at the field equations F = 0. This anzatz gives us that the torsion part yields the following equations:
where σ ′ = ∂ χ σ, and we have used γ 2 5 = 1. Note that the first equation gives us that the 4D torsion is algebraically solved interms of a fermionic bilinear. In general, the torsion tensor can be written as:
where the q-tensor are in general discarded. Therefore, from the first identity of the previously set of equations, we see that we may write a 3-form S such that S = e I T I = −ψ r ΓΓΓψ r and a 1-form T = (e I ⌋T I ) = −4ψ r Γψ r , both components of the 2-form torsion, T I JK = (e K ⌋e J ⌋T I ) = −ψ r γ J γ I γ K ψ r , i.e.:
Following this line of arguments, from the second equation, we have that σ ′ (χ) = 4G(χ)ψ r γ 5 ψ r . In other words, we have a direct relation between the conformal function, σ, the χ-component of the fünfbein, G(χ), and the chiral scalar bilinear,ψ r γ 5 ψ r . In the caseψ r γ 5 ψ r = 0, the conformal function will be some arbitrary constant. We can directly see that ω
The only component of the spin connection that does not come out as a fermionic bilinear is the 4-dimensional spin connection, ω IJ . Using the equations of motion and the global conformal symmetry,ê a → ℓê a , ψ r → ℓ −1 ψ r , present in the connection, we can express the Ricci scalar by means of the following equation:
where the spin connection is written as ω IJ =ω IJ + K IJ , with K IJ being the 1-form the contortion, related with the torsion by the relation
is the main result of our paper. Independently from the possible dependence of the χ-coordinate on the fermionic field, we may state that our result can be interpreted as an effective cosmological constant where the fermionic matter is distributed. This can also can affect the internal structure of stars, specially the most dense ones.
The torsion components, with the correct dimension, are written as follows:
As we have sees in Section III, the gauge fieldb acquires dynamics in the 5-dimensional space. Now, after dimensional reduction, we can look its components, b = (b, b χ = Φ), and we have that:
where ✷ here means✷ in the framework of the RS dimensional reduction. As one can notice, the vector current, j µ =ψ r γ µ ψ r , is a source to the vector gauge field, b, with effective charge q = 3σ ′ −1 2ℓ . The pseudo-scalar bilinear act as a source to the component Φ. Besides that, a unusual source, quartic in the fermionic fields, also appears in the equation of motion of both components.
VI. CONCLUSIONS
We have here presented a 5D Chern-Simons AdSsuper-gravity model without a gravitino. The formulation proposed in [1] generates effective models where the spin-1 fermionic field is replaced by a composition of a Dirac fermion and the d-bein. Exploring a natural solution for topological actions, F = 0, we find non-trivial solutions for the fields. Specially, we find that the torsion plays an important role in terms of fermionic condensates. Analyzing the gauge transformations, we have shown that the Randall-Sundrum dimensional reduction respects the gauge transformation with the no-gravitini assumption. The 4-dimensional equations give us a unusual Ricci scalar dependence on the fermionic bilinears. A study of the fermionic behavior in the 4-dimensional brane is a next step in our endeavor, so that we may go deeper into the properties of our effective model we have discussed in the present contribution.
ACKNOWLEDGMENTS
This work was funded by the Brazilian National Council for Scientific and Technological Development (CNPq).
APPENDIX
The representation of the generators is given in terms of (4 + N ) × (4 + N ) supermatrices:
From that, the following algebra can be written:
All the other relations vanish. In the dimensionally reduced scenario, we have that the covariant derivative can be written as∇ = (∇, ∇ χ dχ), where: 
In terms of the definitions of the dimensional reduction found in (23), (24) and (25) 
